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To lay down precise specifications for a disinfectant (especially one which is chemically poorly defined), quantitative data are required regarding the biological activity of the compound. For this purpose reliable microbiological assay methods are necessary.
In the commonly used tests for establishing the efficacy of disinfectants, both time and concentration are used as variables. Usually, however, these tests are not sufficiently reproducible to be used for quantification of the potency. Thus, during the development of an assay method for benzalkoniumchloride, we attempted to devise a sensitive test system that was highly reproducible and which could be standardized.
MATERIALS AND METHODS
Four types of benzalkoniumchloride were studied: (i) BTC 2125 (Millmaster Onyx Corp.), which contains 25% n-alkyl (60% C14, 30% C16, 5% C12, 5% C18) dimethyl benzyl ammonium chlorides and 25% nalkyl (50% C12, 30% C14, 17% CIO, 3% C18) dimethyl ethylbenzyl ammonium chlorides; (ii) Nouryquat Duo (Akzo), which has-a composition similar to (i); (iii) BTC 824 (Millmaster Onyx Corp.), which contains 50% n-alkyl (60% C14, 30% C1,i 5% C12, 5% C18) dimethyl benzyl ammonium chlorides; (iv) U.S. Pharmacopeia benzalkoniumchloride reference standard, which contains 0.4% C. 0.7% C1,, 55% C12, 34% C14, 9.7% C 1, and 0.9% C is Test organisms included in these studies were Pseudomonas aeruginosa (ATCC 9024), Staphylococcus aureus (ATCC 6538), and Escherichia coli (ATCC 10536).
At the start of the test all liquids were equilibrated at room temperature. For each assay 1 ml of the disinfectant sample was mixed in a culture tube with 4 ml of test culture that was prepared as described in the next paragraph. After a 30-s treatment period, 5 ml of a heat-sterilized lecithin-Tween 80 suspension (soya lecithin, 5.3 g; Tween 80, 37.3 g; KHP04, 0.5 g; and distilled water to 1,080 ml) was added to neutralize the benzalkoniumchloride. Viable counts of the survivors were determined in duplicate, using the pour-plate method (soybean casein digest agar, U.S.P. XVIII). A heat-sterilized peptone (0.1%)-saline (0.85%) solution was used as dilution liquid. For all pipetting procedures Eppendorf pipettes (Germany) were used.
The most reproducible rates of killing were obtained using inocula that had been stored in liquid nitrogen (4) . The stock cultures were prepared from 8-h (log-phase) cultures of the respective test organisms grown in nutrient broth at 37 C. Immediately prior to a test, the ampoules containing approximately 5 x 108 cells/ml in peptone-saline were taken out of the liquid nitrogen and placed in water at 35 C for exactly 1 h. A test culture was prepared by diluting the contents of an ampoule with the peptone-saline solution to achieve a concentration of approximately 107 viable cells/ml.
An apparatus was developed ( Fig. 1) consisting of a conveyor belt fitted with a sampling needle connected to a dilution unit (for mixing the test culture with the disinfectant) and a fixed needle connected to a dispensing unit (for the addition of the neutralizing liquid). All of these units were electrically linked to the control unit, which was provided with an adjustable electromechanical timeclock (Schleicher, W. Berlin, Germany) controlling the treatment time. The conveyor belt, the racks, and the sampling needle were constructed according to a design described earlier (1, 2). The dilution and dispensing units were constructed from Cornwall valves and 1-and 10-ml glass syringes (Becton-Dickinson & Co., Rutherford, N.J.). The apparatus was designed to assay consecutive samples automatically. In addition, it was provided with press buttons for separate operation of the diluter and dispenser and an alarm system. The treatment procedure is outlined schematically in Fig. 2 . Tube A is filled with 5 ml of an appropriate dilution of disinfectant. One milliliter of this sample is sucked up by the large sample needle of the dilution unit. The needle is lifted and tube B is transported to a position under the needle; the needle then delivers the 1-ml sample together with 4 Fig. 3 . RESULTS Using the semiautomated procedures, we prepared log dose-response curves of BTC 2125 assays. Two against the three test organisms (Fig. 4) example, benzalkoniumchloride. The method is based on the relationship between concentration and the death rate of a sensitive bacterial population that is treated for a short, fixed time period. E. coli was a sensitive test organism, yielding reliable results, especially when preparation of the inocula was standardized. The relatively short duration (20 min) of one complete assay guarded against eventual changes in sensitivity of the test culture.
The relation between death rate and concentration was characteristic for each type of benzalkoniumchloride. Nevertheless, the log doseresponse curves were parallel, allowing relative potencies to be calculated.
Preliminary experiments with another disinfectant for which no suitable neutralizers exist indicated that, in this semiautomated procedure, dilution can also be used to effect neutralization. It is therefore suggested that the rapid, reproducible, and accurate microbiological assay methods described here can be modified for the evaluation of other, nonquaternary types of disinfectants.
